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摘  要
         
         
实验室和流行病学研究均不乏对大气颗粒物（PM）暴露与不良健康作用的相关性报
道，其主要的不良健康作用包括呼吸机心血管系统疾病的发生。而且也有研究表明
暴露于空气动力学直径小于2.5μm的大气细颗粒物（Fine Particulate
Matter，PM2.5）较暴露于其空气动力直径大小的大气颗粒物对人体健康的危害更
为明显。有相关研究表明柴油尾气颗粒物与大气颗粒物有许多相似的成分。而且
，根据之前的研究提示柴油尾气颗粒物的暴露对中枢神经系统等其他肺外系统也存
在不良影响。尽管这些研究均提示出生前及出生后的PM2.5暴露会影响子代的神经
系统发育，但是其对中枢神经系统影响的分子机制仍然知之甚少。
 
DNA甲基化在表观遗传调控中扮演重要作用。表观遗传修饰情况多变而且对环境暴
露非常敏感，其可以通过直接影响基因的转录从而对环境暴露产生适应性的反应
，特别是在需要精细调控的神经发育过程中表观遗传调控修饰的作用更为明显。因
此，表观遗传调控在暴露与疾病的关联中发挥重要作用的假说最近越来越受到关注
，而且此假说也被多项研究所检验。作为一种最广为人知的表观遗传修饰路径
，DNA甲基化的概念是指将甲基基团添加到CpG岛上的胞嘧啶核苷酸上的基因修饰过
程。CpG岛主要多出现于许多有相对较高浓度的CpG二核苷酸的基因5‘端。其中
，基因中CpG岛的甲基化水平状态与基因转录的活性高度相关，如甲基化多重复基
因序列中的高比例CpG二核苷酸可能会一直染色体的活性和稳定性。另外，也有研
究报道DNA甲基化修饰过程在整个胚胎发育阶段必不可少。
 
我们假设孕期对大鼠进行PM2.5的暴露会干扰子代DNA甲基化水平情况从而引起神经
系统的一系列后续影响。在本研究中，我们评估了子代大鼠脑组织中的DNA甲基化
水平来分析PM2.5宫内暴露的影响。我们利用甲基化DNA免疫共沉淀联合高通量测序
技术对全基因的DNA启动子区域的甲基化水平进行了测定和分析。由此，因为妊娠
期PM2.5暴露而导致的DNA甲基化状态改变的基因被筛选出来。基于甲基化DNA免疫
共沉淀联合高通量测序技术的应用结果，辨别出了相关的基因及染色体，并且
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DNA甲基化水平与CpG密度的关系也得以明确。此外，我们应用基因本体论（GO）和
京都基因信号通路（KEGG）来分析处理脑部容易受到影响的基因及相关的信号通路
。这些实验结果均倾向于为由妊娠期PM2.5暴露对中枢神经系统造成的影响的分子
生物学机制提供解释。
 
在本论文中，我们将SD大鼠作为我们的实验对象，并将其随机分进高暴露组合对照
组，每组分配到4只大鼠。对暴露组的孕期大鼠进行以浓度为3.68μg /μl的
PM2.5混悬液滴注，对照组以同样的频率和剂量进行PBS溶液的暴露。我们利用改良
后的咽后壁暴露方法来构造动物实验模型，从妊娠期第一天开始以每三天进行一次
的频率进行暴露操作直到孕期大鼠自然分娩。待大鼠分娩后，子代的脑组织被取材
用于后续的DNA甲基化水平分析。每窝里随机选取2个子代大鼠的脑组织，一雌一雄
。基因组DNA被萃取和提纯，然后利用DAVID在线分析软件来进行GO和KEGG分析。
 
对8个样本进行DNA质检，所有的样本均符合后续实验分析的要求。对基因文库的质
检显示峰值长度均位于290-320bp之中，因此样本文库符合后续实验分析要求。基
于GO和KEGG分析的结果，我们应用DAVID在线分析软件富集的Gene ontology和
KEGG Pathway分析结果可以看出，暴露组与对照组的DMGs，即在产前暴露PM2.5的
条件下，子代大鼠脑组织中差异甲基化的基因分布于多个功能类别，所注释的语义
条目有olfactory receptor activity，G-protein coupled receptor signaling
pathway，G-protein coupled receptor activity等。
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Abstract
         
         
Experimental and epidemiological studies have reported that exposure to ambient
particulate matter (PM) is associated with adverse health effects ,such as
respiratory and cardiovascular disorders. It is well established that exposure to
fine particulate matter (PM2.5) with an aerodynamic diameter of <2.5μm has the
strongest link with human effects among PM with various aerodynamic diameters.
According to previous studies, increasing information is available for diesel
exhaust particles (DEPs) regarding the effects on the central nervous system and
other extra-pulmonary organs. Several studies have indicated that the pollutant
DEPs containing similar components with PM may affect brain development and
function. Although several reports suggest that intrauterine PM2.5 exposure
affects the brain of rats in the process of neuropsychological development, the
molecular event behind the central nervous system effects are still unclear.
 
DNA methylation plays a significant role in the mechanism of epigenetic gene
regulation. Epigenetic modifications are variant and may show responses to
envrionmental exposures in means that immediately affect gene transcription and
disease risk throughout life, especially in the fine-tune neurodevelopment
programming. For this reason, the hypothesis that epigenetics may play a role in
leading exposure-disease associations has received intensive attention recently,
and the hypothesis has be tested with numerous studies. As one well known
epigenetic modification, DNA methylation is a biochemical process where a
methyl group is added to the cytosine nucleotides mostly occurs in CpG
dinucleotides and this modification influences gene expression. CpG islands are
mainly found at the 5’ ends of many genes which possess relatively high densities
of CpG dinucleotide. The methylation state of CpG islands has shown highly
association with the activity of gene transcription. For example, a high percentage
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of CpG dinucleotides in methylated repetitive sequences may prohibit activation
and preserve chromosome stability. Besides, certain studies reported that DNA
methylation is required for the entire process of embryonic development.
We assumed that prenatal PM2.5 exposure in rats may disturb the DNA
methylation profile and cause subsequent central nervous system effects in the
brain tissue. In this study, we evaluated the DNA methylation station in the brain
of offspring rat in order to analyzed the effect of maternal PM2.5 exposure during
pregnancy. The methylation pattern of the promoter DNA region among the whole
genome was determined by Methyl-DNA immunoprecipitation plus sequencing
technique (MeDIP-seq). After that, The variant methylated genes caused by
intrauterine PM2.5 exposure were identified. Based on the results of MeDIP and
seq, associated genes and chromosomes were identified, the correlation between
DNA methylation and CpG density was evaluated. Also,we applied Gene
Ontology(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis to recognize the vulnerable gene regions of the brain and related
pathways in offspring influenced by PM2.5 exposure .These results are prone to
providing insight into the molecular events behind the central nervous system
effects induced by PM2.5 exposure.
In this thesis, we took SD rats as experimental subjects. The rats were randomly
divided into the high exposure group and control group. Each group had 4
rats.The pregnant rats were weighed, numbered, and randomly divided into one
of the two groups (6rats per group): experimental groups, which were
administered with 30μl PM2.5 suspension at concentration of 3.68μg /μl, and the
control group, which received the same volume of PBS without particles. We took
the improved intratracheal suspension exposure methods to establish our
experimental animal model, and dripped 30μl PBS solution and PM2.5 exposure
suspension to the pharynx posterior wall of the high exposure group and control
group. We conducted the exposure operation once every three days, the particle
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suspension was administered beginning from day 0 and repeated at day 3, 6, 9,
12,15,18 and 21 with a total of772.8μg of PM2.5 per rat. After the last PM2.5
suspension administration at day 21, the rats were housed individually and were
allowed to deliver.
After the birth, the offspring were used for subsequent DNA methylation profile
analysis. The whole brain tissues of offspring were harvested from 2 rats of each
dam( 4 dams/group). Genomic DNA was extracted and purified. The analysis of
GO and KEGG Pathway was conducted with DAVID on-line software.
According to the DNA quality results of 8 samples, the DNA samples were
qualified for subsequent analysis. The results of Gene Library quality tests show
the peak length lies in 290-320bp, which means the libraries are qualified for
subsequent analysis. According to the statistics of total sequencing data, the
reads quality was qualified for subsequent bio-information analysis. Based on the
results of Gene ontology and KEGG Pathway analysis, we identified several
differentially expressed DNA Methylation profiles in the brain tissue between the
control group and high exposure groups. The differentiallly expressed DNA
methylation genes distributed in numerous functional catalogs, like olfactory
receptor activity,G-protein coupled receptor signaling pathway,G-protein coupled
receptor activity etc.
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